Janus Gold Triangle-Mesoporous Silica Nanoplatforms for Hypoxia-Activated Radio-Chemo-Photothermal Therapy of Liver Cancer.
Radiation dosage constraints and hypoxia-associated resistance lead to the failure of radiotherapy (RT), especially in hypoxic liver cancer. Therefore, the intricate use of combined strategies for potentiating and complementing RT is especially important. In this work, we fabricated multifunctional Janus-structured gold triangle-mesoporous silica nanoparticles (NPs) as multifunctional platforms to deliver the hypoxia-activated prodrug tirapazamine (TPZ) for extrinsic radiosensitization, local photothermal therapy, and hypoxia-specific chemotherapy. The subsequent conjugation of folic acid-linked poly(ethylene glycol) provided the Janus nanoplatforms with liver cancer targeting and minimized opsonization properties. In vitro and in vivo experiments revealed the combined radiosensitive and photothermal antitumor effects of the Janus nanoplatforms. Importantly, the TPZ-loaded Janus nanoplatforms exhibited pH-responsive release behavior, which effectively improved the cellular internalization and therapeutic efficiency in hypoxic rather than normoxic liver cancer cells. Hypoxia-specific chemotherapy supplemented the ineffectiveness of radio-photothermal therapy in hypoxic tumor tissues, resulting in remarkable tumor growth inhibition without systematic toxicity. Therefore, our Janus nanoplatforms integrated radio-chemo-photothermal therapy in a hypoxia-activated manner, providing an efficient and safe strategy for treating liver cancer.